Cancer is predominantly a disease of older patients, with over half of those aged over 65 years of age being diagnosed with cancer at some stage. Despite comprising a significant proportion of the patients that we see in clinical practice, there is a lack of representation of older patients in cancer clinical trials. This is mainly due to restrictive trial inclusion criteria that prevent older patients from participating. Also, trial endpoints, such as overall survival, may not represent the most important and most meaningful endpoints for older patients. The latter may place more significance on quality of life and other outcomes such as functional independence. Baseline assessment using Comprehensive Geriatric Assessment, may provide a better framework for quantifying patient outcomes for varying degrees of fitness or frailty. This short communication makes the case for more age appropriate endpoints, such as quality of life, toxicity and functional independence, and that novel trial designs are necessary to inform evidence-based care of older cancer patients.
Introduction
Cancer is a disease of the ageing population, with over half of those diagnosed each year, in countries such as Ireland, aged 65 years of age and older [1] . Despite constituting a large proportion of cancer patients, quality research is lacking to support the optimum treatment approach for the older patient population. This is due to the under-representation and poor enrolment of older patients in clinical trials [2] [3] [4] . Reasons for this may include: functional reserve decline, an escalation of comorbid conditions, absence of social support systems and decreased access to clinical trials. Fang et al. evaluated how treatment of older cancer patients often deviates from guideline concordant care, with some receiving "de-intensified" regimens, especially those receiving curative treatment of advanced disease [5] . However, numerous trials have shown that older patients derive similar benefit from oncology drug trials as their younger counterparts [6] [7] [8] . Enhanced clinical trial design has the potential to establish optimal standards in geriatric oncology, tailoring treatments to patients based on their co-morbidities and functional reserve capacity.
There is no widely accepted definition of an "older" or "elderly" person. The United Nations generally uses 60+ years as a cutoff to define old age; however most developed countries now accept 65+ years as a more suitable definition of old [9, 10] . This 65-year threshold, or even 70 [11] , is used in many scientific publications and clinical trials. However, it should be noted that, although approximately 60% of new cancer cases occur in the elderly, they comprise only a quarter of participants in cancer clinical trials [12] . The use of a chronological age to mark the advent of "older" age assumes equivalence with physiological age, yet these two are clearly not synonymous.
Previous studies have several pitfalls and limitations in trial design, regarding their ability to inform the care of older patients. Consequently, older patients are often misrepresented and results are thus misinterpreted [13] . Age-related bias can attribute to the delay in significant evidence based practice in geriatric oncology. There have been some discrepancies in the identification of "older" populations [14] . Trials have been designed to assume that physiological age will play no role in the response of the patient to treatment. To avoid ageist assumptions in clinical trials, the physiological age of a patient should be a factor that influences their treatment decision. Decline in physiological reserves may be characterized via common frailty measures, such as phenotypic criteria [15] or cumulative deficit models [16, 17] .
Conversely, a heterogeneous patient population in clinical trials might be considered a truer representation of reality. Clinically, patients will present with variable co-morbidities, performance status, frailty and physiological age. Evidently, characterising the heterogeneity of the older cancer patient cohort, and their ability to tolerate oncologic treatment, is extremely difficult without the aid of clinical trial information to guide clinicians. Targeting designs that consider a larger population size, baseline and ongoing Comprehensive Geriatric Assessment (CGA), defined end-goals, age-specific outcomes, of which Quality of Life (QoL) and functional status is key. Through critical analysis of future research, further deductions can be made on the varying responses to treatment by a heterogeneous aging population.
Implementation of Comprehensive Geriatric Assessment
CGA is used clinically to assess an older patient's cognitive function, nutritional status, co-morbidities, physical function, psychological function and incorporates the patient's social support system. It can determine a patient's overall health status by detecting and possibly addressing cumulative deficits. CGA answers the question, is the patient fit, vulnerable or frail [17] ? This can potentially inform trial design, both as selection criteria and outcome measure. The inclusion of CGA for older cancer patients has been recommended by multiple organisations that highlight critical endpoints and aspects of trial design in older patients [18, 19] . The absence of CGA in a clinical trial can make it difficult to determine whether the inclusion criteria consisted of fit patients only, or a combination of fit as well as frail patients. Eastern Cooperative Oncology Group (ECOG) based inclusion criteria have been shown to poorly represent the full depiction of frailty in the older patient population [20] . Therefore, the data collected may not relate well to the general older population in clinical practice.
A CGA can also help to stratify older patients into different treatment arms of clinical trials. CGA results could be interpreted to allocate patients to various treatment regimes for clinical trials, as opposed to chronological age-based allocation. The Elderly Selection on Geriatric Index Assessment (ESOGIA) phase III randomised control trial compared age-based treatment allocation versus CGA-based allocation in older patients with advanced lung cancer [21] . Although CGA-based allocation did not significantly improve overall survival, it reduced treatment toxicity which is an important endpoint in trial design for older patients. The phase III ELderly heAd and Neck cancer-Oncology eValuation (ELAN-ONCOVAL) trial used a Suited Geriatric Evaluation (SGE), derived from the CGA, to allocate patients into treatment arms depending on whether they were fit or unfit [22] . This study concluded that a CGA-based SGE tool was necessary for optimal care and resulted in the addition or elimination of treatment options for many patients based on their frailty status. Perhaps the inclusion of a standard cancer specific geriatric assessment tool in the future could be beneficial for cross comparison between trials. Unfortunately, there is a lack of standardized assessments worldwide which makes comparison between studies difficult at present [23, 24] . A specific assessment tool could also be useful in tailoring treatment, as seen in older patients with head and neck cancer [25] .
Clinical Trial Methodology
There is a great need for novel trial designs in geriatric oncology research. Although survival (overall/progression-free) is recognised as the most valuable outcome of any clinical trial, questions have been raised regarding its significance in older patients, particularly due to patient comorbidities which are likely to be a contributing factor to patient death. A workshop held by the European Organisation for Research and Treatment of Cancer (EORTC) in 2011 [26] explored methods of improving clinical design and suggested looking at alternative endpoints, such as QoL, toxicity and functional independence. Measurement of disease-specific survival could also be useful when evaluating treatments for this patient group as it would indicate the number of patients who actually died as a result of their cancer versus other chronic conditions. Clinical trial inclusion criteria is an area of much debate. Chronological age, CGA and medical criteria may all be used as the basis for inclusion criteria [26] . A considerable amount of clinical trials in oncology use an age of greater than 70 years as an appropriate definition of the 'older' patient, as per recent International Society of Geriatric Oncology (SIOG) recommendations [11] . A position statement from the U13 conference in 2012 [18] suggests methods of improving inclusion criteria in clinical trials for older patients. They believe irrelevant exclusion criteria should be omitted as fewer inclusion and exclusion criteria are preferable in order to eliminate patient selection bias. Traditional exclusion criteria based on age, performance status and stringent organ function restrictions have been unhelpful in adding to the evidence base for the management of older cancer patients [27] .
With such limited literature available in the area of geriatric oncology, more focused trials are called for in order to provide more reliable conclusions about suitable treatments for specific treatment sites. Also, notable differences in treatment patterns between older and younger patients are evident in the literature [28, 29] . Clinicians may fear induction of significant toxicity if giving standard doses to older patients. The geriatric oncology literature offers a potential compromise and suggests a 'start low and go slow' approach, which involves initial administration of a reduced dose and if the patient tolerates this well, increasing the dose to standard level [30] . This was successfully used in the Medical Research Council Fluorouracil, Oxaliplatin, CPT11 [irinotecan]: Use and Sequencing 2 (MRC-FOCUS2) trial involving older adults with metastatic colorectal cancer [31] .
Quality of Life Endpoints
A patient-centred approach is crucial. While therapy may increase survival rates, a reduction in patient's health-related QoL potentially negates any benefits. Sekeres et al. state that QoL was more important to patients than the duration of life when making treatment decisions [32] . Another study showed that maintenance of physical and cognitive function was more important to older patients than traditional survival endpoints [33] . Survivors of haematological cancer are shown to be at increased risk of depression and a variety of physical impairments compared to a control population [34] . Tools for measuring QoL such as the elderly specific EORTC QLQ-ELD15 [35] and Q-TWIST (Quality-Adjusted Time Without Symptoms or Toxicity) [36] can be used to determine time with/without significant toxicity experienced until death and can be used to compare treatments.
A patient's QoL should be prioritised as a treatment outcome in the older patient group. Although overall survival is an important outcome in most patient groups, compromising a patient's QoL to achieve this could cause the patient to lose his or her independence at home or lose the ability to carry out daily activities. Although CGA-based allocation does not significantly improve overall survival, it has been proven to reduce toxicity and thus results in a better QoL for the patient after treatment, which is a valuable endpoint in clinical trial design for older patients [2, 3] . CGA should be used to assess the patient's frailty status and estimate the severity of expected side effects and the impact these would have on a patient's QoL. Should the patient be rendered too frail, their QoL could be negatively impacted or their functional reserve could be depleted after intense treatment. Overall survival should not be the only goal when designing clinical trials for older patients as QoL is equally as important, and with regular CGA assessment throughout the course of treatment the patient's frailty status can be monitored.
Conclusions
Demographic changes in most countries mandate an urgent change in clinical trial design in order to better support the treatment of older patients with cancer. Under-representation of older patients is a significant issue that needs to be addressed. A recent survey of the 11,000 strong membership of the Alliance for Clinical Trials in Oncology members in the US provided the following recommendations for improvement of clinical trial enrollment for older adults [37] . 1. Create more trials dedicated solely to older patients, 2. minimise exclusion criteria based on comorbidities in clinical trials, 3. consider strategies to increase enrollment for those aged 65/70 and older and 4. require that most/all Alliance trials include an 'expansion cohort' of older patients, and analysis of outcomes/toxicity/QoL for this older patient group. CGA should be incorporated into trial design in order to stratify treatments based on varying degrees of fitness or frailty. It is important to have research based guidelines on the effects of treatment on cancer outcome and toxicity, QoL impairment and frailty. Therefore, more age appropriate endpoints, such as QoL, toxicity and functional independence and more novel trial designs are necessary in order to inform evidence-based care of older cancer patients. Funding: This research received no external funding.
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